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Abstract 
In the surrounding environment, lead (Pb) can be released by repairing some parts of automobile 
engine and radiators repair works. Lead is very well-known as a neurotoxicant as some links exist 
between blood lead level (BLL) and neurological outcomes. This cross sectional study was per-
formed on 35 male workers who were 23 - 40 and worked in an automobile repair shop located in 
an industrial part of Tehran. Clinical evidences were recorded by a questionnaire. Subjects had 
given their blood samples between 7 and 8 a.m. before going to work. The levels of hematological 
parameters were measured and the amount of lead in plasma samples was determined by gra-
phite-furnace atomic absorption spectrophotometer. The Iranian versions of mood state and 
Wechsler memory questionnaire were applied in order to evaluate mood and memory impair-
ment. The association between variables was studied using Pearson correlation coefficient. A pos-
itive correlation was seen between workers’ history on one side and, urinary frequency and res-
tlessness on the other side. There was not any meaningful relationship between worker history, 
blood parameters, and mood state. A negative meaningful relationship existed between the work-
ers’ history and visual memory. Also a positive significant relationship was observed between BLL 
and epigastric pain and there was a negative relationship between BLL and repeat number. There 
was not a significant relationship between BLL, blood parameters, and mood state as well. It was 
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concluded that work practices in the automobile repair shop seemed to increase the body burden 
of lead and may pose a health risk to the workers. 
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1. Introduction 
Though lead (Pb) is recognized as an ecological hazard. It is a beneficial element in several industries and is 
brought in production of lead bullets and the batteries, or in refinery industries to purify gold and silver. In such 
factories, the workers can be exposed to the dusts or fumes of lead if protective tools are not properly used and it 
would end up with a serious health problem [1]-[4]. 
Automobile repair shop is one of the work places where workers are subjected to lead and other toxic chemicals 
during the process of repairing the automobiles’ engine and radiator. Studies have shown that nearly 36.4% of the 
automobile garage workers suffer from some forms of pulmonary problems; obstructive and/or restrictive [5]. 
Lead is a well-known neurotoxicant as there are some links between blood lead level (BLL) and malfunction 
of human cognition [6] [7]. Moreover attention and intelligence rate in children can be negatively affected by 
lead [8] [9]. Lead has been shown to cause neurobehavioral problems [10] or neurobiological defects such as 
schizophrenia [11]. The association of lead contamination and incidence of Alzheimer’s disease has also been 
verified [12]. It is anticipated that cardiovascular outcomes and mild mental retardation resulting from exposure 
to lead encompass almost 1% of the global burden of illness peaking in undeveloped regions [13]. 
The current study was planned to consider the condition of mood and memory state, hematological parame-
ters and clinical markers in relation to BLL in the workers of automobile repair shop. 
2. Methods 
The study was performed on 35 male workers who were 23 - 40 and worked in an automobile repair shop lo-
cated in an industrial part of Iran. In accordance with ethical rules of Pharmaceutical Sciences Research Center 
(PSRC) of Tehran University of Medical Science where the study protocol was confirmed, all participants were 
informed concerning the purposes of the research and achieved the printed consent. Before collecting blood 
samples, each individual had an extensive interview with a specific physician who filled a structured question-
naire about his possible diseases and dietary habits. Information on experience job, socioeconomic situations 
like income and education, and history such as drug uses, consumption of vitamins or antioxidant supplements, 
smoking, alcohol consumption and dietary habits were acquired from questionnaires and every worker was in-
terviewed by an educated interviewer. A summary of demographic data on workers and control subjects is pre-
sented in Table 1. All the subjects were aware of the study protocol and their permission was taken before en-
tering the study. The research was proved by PSRC Ethics Review Board. The amount of lead concentration in 
plasma samples was measured by graphite-furnace atomic absorption spectrophotometer. The Iranian versions 
of mood state and Wechsler memory questionnaire were applied for evaluating mood and memory impairment. 
All the subjects were submitted to comprehensive clinical assessment to diagnose symptoms of lifelong diseases. 
Those who had any history of chronic disease, alcohol drinking, use of antioxidant/vitamin supplements or other 
drugs, exposure to other toxic compounds, radiotherapy, and substance abuse were rejected from participating in 
research. The blood samples of subjects were gathered between 7 and 8 a.m. before their entrance to the 
workplace. The levels of mean corpuscular hemoglobin (MCH), white blood cell (WBC), neutrophil, lym- 
 
Table 1. Brief explanation of demographic data in workers.                                                     
Subjects Age (yrs) Sex Work history (yrs) Smoking (yrs) Smoking (N/day) BMI 
Workers (n = 35) 31.37 ± 3.79 Male (100%) 10.60 ± 5.35 1.90 ± 4.26 1.8 ± 4.17 25.38 ± 2.09 
Data represent mean ± SD. 
D. Fazli et al. 
 
 714 
phocyte, mean corpuscular volume (MCV), monocyte, eosinophil, basophil, platelet crit (PCT), red blood cell 
(RBC), hemoglobin, hematocrit, mean corpuscular hemoglobin concentration (MCHC), red blood cell distribu- 
tion width (RDW), platelet (PLT), mean platelet volume (MPV) and platelet distribution width (PDW) were 
measured. Further the amount of Pb in the plasma samples was determined by a graphite-furnace atomic absorp-
tion spectrophotometer.  
2.1. To assess Affective Mood State Fluctuation 
The Iranian version of Profile of Mood States (POMS) assessment has been proven itself to be an excellent 
measure of affective mood state fluctuation in a wide variety of populations including psychiatric outpatients, 
medical patients, and in sports psychology. The POMS assesses transient and fluctuating affective mood states. 
The POMS measures six identifiable mood or affective states: 1) Tension-Anxiety; 2) Vigour-Activity; 3) De-
pression-Dejection; 4) Fatigue-Inertia; 5) Anger-Hostility; 6) Confusion-Bewilderment [14]. 
2.2. Wechsler Memory Scale 
The Iranian version Wechsler Memory Scale (fourth edition) is used for the evaluation of memory state. The 
Wechsler Memory Scale (WMS) is a neuropsychological test which designed to measure different memory 
functions in a person. The memory sub scale of WMS-IV is made up of eight subtests: Personal information, 
Orientation, Mental control, Logical memory, Repeat number, Visual memory, and also IQ used for assay the 
memory [15]. 
2.3. Statistical Analysis 
Pearson correlation coefficient was applied to examine the relationship between the variables. The data are ac-
cessible as mean ± SD. The P values less than 0.05 were considered statistically significant. Stats Direct 2.7.9 
was used to analyze data. 
3. Results 
In Table 1 the median levels of participants’ age, index body matrix (IBM), employment years, smoking habits 
(years and N/day), and sex are displayed. 
Table 2 explains that there is no major association between BLL and work history on one side, and anger, 
depression, fatigue, friendly, tension and vigor on the other side. 
As shown in Table 3, both BLL and workers history had considerable positive correlations with some clinical 
symptoms like urinary frequency, wrist drop, less concentration, insomnia, headache, abdominal pain, tremor, 
fatigue, history of family hypertension, numb ling, agitation, and hypersomnia. 
Table 4 clarifies an important correlation between BLL on one side and workers history on the other side 
with some parameters of memory state including personal information, orientation, mental control, logical 
memory, repeat number, visual memory, association memory and intelligence quotient (IQ). 
Table 5 shows that there is no significant relationship between hematological parameters of workers with 
BLLand workers history.  
 
Table 2. The associationof psychological distresses with BLL and work history.                                    
 
BLL (38 ± 10.7 µg/dl) Workers history 
R P R P 
Anger −0.097 0.609 −0.123 0.516 
Depression −0.055 0.773 −0.021 0.914 
Fatigue −0.158 0.404 −0.185 0.328 
Friend −0.185 0.329 −0.033 0.861 
Confusion −0.226 0.230 −0.202 0.283 
Tension −0.042 0.329 −0.203 0.281 
Vigor −0.091 0.633 −0.001 0.995 
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Table 3. The association of clinical symptoms with BLL and work history.                                         
 
BLL (38 ± 10.7 µg/dl) Workers history 
R P R P 
Urinary Frequency −0.017 0.929 0.402 0.028 
History of family hypertension −0.260 0.165 0.038 0.842 
Numbless 0.160 0.399 0.068 0.423 
Wrist drop 0.293 0.115 0.147 0.437 
Less concentration −0.157 0.406 −0.175 0.355 
Agitation 0.189 0.318 0.595 0.001 
Fatigue 0.001 0.996 −0.080 0.673 
Tremor 0.460 0.010 0.155 0.413 
Headache 0.132 0.487 0.272 0.146 
Epigastric pain 0.515 0.004 −0.101 0.597 
Hypersomnia −0.189 0.316 −0.144 0.449 
Insomnia −0.030 0.874 −0.041 0.829 
 
Table 4. The association of memory states with BLL and work history.                                            
 
BLL (38 ± 10.7 µg/dl) Workers history 
R P R P 
Personal information −0.025 0.896 0.221 0.241 
Orientation 0.513 0.004 −0.162 0.392 
Mental control 0.271 0.148 −0.061 0.748 
Logical memory 0.082 0.667 −0.114 0.549 
Repeat number −0.432 0.017 −0.336 0.069 
Visual memory −0.033 0.861 −0.507 0.004 
Associationmemory −0.061 0.751 −0.139 0. 463 
IQ −0.047 0.441 −0.235 0.212 
4. Discussion 
According to the results of this study, BLL higher than allowed limit (30 µg/dL) observed in the workers veri-
fies the presence of contamination and absorption of lead into the body. In this regard, many studies have al-
ready reported that BLL in such workers is higher than controls. Suplido and Ong (2000) indicated that the body 
burden of lead increased by radiator repair activities. Though it was not much higher than the level of unexposed 
counterparts, BLL in workers and their children was greater than before battery recycling/repair activities [16]. 
Further, it had been shown that children of radiator repair workers were at higher risk of lead exposure than oth-
er children [17]. Extensive lead exposure in an automotive radiator repair industry had also been reported [18]. 
According to WHO and CDC criteria, children living around automobile and battery repair workshops had nota-
bly higher lead and lower hemoglobin levels in blood [19]. 
The results of our analyses showed that there was a considerable association between BLL and some clinical 
signs, hematological parameters, and memory disorders in workers. Our previous study on lead-zinc mine workers 
indicated that they suffered from clinical symptoms like memory loss, less attention, sleeplessness, headache, 
claudication, epigastric pain, lack of appetite, anxiety, tremor, lessened reflect of deep tendon, deafness, and ti-  
D. Fazli et al. 
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Table 5. The association of hematological parameters with BLL and work history.                                   
 
BLL (38 ± 10.7 µg/dl) Workers history 
R P R P 
WBC (cells/mcL) −0.051 0.778 0.227 0.204 
Neutrophil −0.30 0.09 −0.205 0.251 
Lymphocyte 0.209 0.243 0.155 0.388 
Monocyte −0.09 0.617 0.187 0.296 
Eosinophil 0.284 0.11 0.044 0.808 
Basophil −0.220 0.219 −0.298 0.092 
RBC (cells/mcL) −0.034 0.849 0.047 0.795 
Hemoglobin (g/dL) −0.086 0.633 0.093 0.605 
Hematocrit (%) 0.023 0.897 0.206 0.251 
MCV (fl) 0.316 0.074 0.164 0.36 
MCH (pg) −0.104 0.563 0.166 0.355 
MCHC (%) −0.028 0.877 −0.016 0.928 
RDW (%) −0.160 0.374 −0.122 0.499 
Platelets (×109/L) 0.161 0.371 0.010 0.958 
MPV 0.016 0.931 0.098 0.587 
PCT 0.255 0.152 −0.006 0.972 
PDW −0.049 0.785 −0.339 0.054 
 
redness [20]. In fact, exposure to lead could be manifested by symptoms like anemia, abdominal colic, peripher-
al and central neuropathy, or could last asymptomatic limited to vague indicators such as myalgia, tiredness, bad 
temper, and headache [21]. A study conducted on petrol employees showed a numerical increase (vs. controls) 
in the incidence of tremor and sinus bradycardia [22] similar to the results of our research work.  
The result of this research pointed that there would be a positive correlation between BLL and memory dis-
orders. Canfield et al. (2004) declared that children having higher rate of lead exposure weakly reacted on tests 
of executive processes. In both bivariate and multivariate analyses, children with BLL upper than lifetime mid-
dling concentrations showed impaired performance on the tests of spatial working memory, spatial memory span, 
intradimensional and extradimensional shifts, and an analog of the Tower of London task [23]. Another study 
had indicated that there was a link between BLL and lesser intelligence quotient (IQ) as well, but IQ was not 
responsible for impact on hyperactivity [24]. 
Analysis applied in this study showed that there was no major association between BLL and different para-
meters of mood disorders. Although there were some reports on the raised frequency of symptoms like anger, 
depression, fatigue, and joint pain in lead exposed people [25], Lindgren et al. (1996) revealed that neuropsy-
chological performance should be evaluated in association with cumulative exposure to lead. In their study, the 
current BLL was low and didn’t have any relation to neuropsychological performance. But neuropsychological 
performance was found to be related to time integrated blood levels (IBL) developed by applying a suppressor 
variable, years of employment, in the model [26]. 
Prior study on mine workers who were co-exposed to lead and zinc indicated that the mean scores of anxiety, 
physical complaints and aggression scales were significantly higher in the case group in comparison to those of 
controls [27]. Converse relation between BLL and finger-wrist tapping-speed had been already reported by 
another study suggesting a fundamental relationship between mental lead exposure and certain neurobehavioral 
deficits [28]. It had also been proposed that behavioral impacts related to low-level lead exposure were mediated 
by attentive deficits [29].  
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Recently lead had been shown to have a negative result on cognitive operations in children [7] and its post-
natal toxicity could be a causative factor in the pathogenesis of autism. Variation ingamma amino butyric acid 
(GABA), serotonin (5HT) and dopamine (DA) had been known to be responsible for chronic lead toxicity in 
autism [30]. Some hypotheses had been proposed on the hypo function of the N-methyl-d-aspartate (NMDA) 
pathway throughout serious periods of growth as a connecting dot between early life exposure to lead and neu-
robiological outcomes associated with schizophrenia [11]. Further, an inverse relationship between children’s 
neurodevelopment and BLL even in the ranges less than 10 μg/dL had been reported in association with neuro-
behavioral outcomes [10].  
It sounded that many other factors involved in workers’ lifestyles were engaged in neurocognitive impairment, 
but unknown roles of the lead with a highlighted background in damaging different parts of nervous system 
should not be ignored, particularly in low level and long term exposures. These conclusions warned that silent 
toxicological problems could be induced by lead that might not be easily known by the health professionals [31] 
[32]. Workers’ education, use of personal protective equipment’s, and discontinuing the use of lead as much 
possible, were suggested as helpful measures in lowering the toxic effects of occupational exposure to lead. The 
accurate use of shielding implements and taking day-to-day bath by workers could assist to protect them and 
specially their children from exposure to lead and other poisonous elements. The limitations of the study were 
the lack of measurement of air lead and also the lack of control diet. 
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Abbreviation 
Between blood lead level (BLL) 
Mean corpuscular hemoglobin (MCH) 
White blood cell (WBC) 
Mean corpuscular volume (MCV) 
Platelet crit (PCT) 
Red blood cell (RBC) 
Mean corpuscular hemoglobin concentration (MCHC) 
Red blood cell distribution width (RDW) 
Platelet (PLT) 
Mean platelet volume (MPV) 
Platelet distribution width (PDW) 
Profile of Mood States (POMS) 
Wechsler Memory Scale (WMS) 
Index body matrix (IBM) 
Intelligence quotient (IQ) 
Integrated blood levels (IBL) 
Gamma amino butyric acid (GABA) 
Serotonin (5HT) 
Dopamine (DA) 
N-methyl-d-aspartate (NMDA) 
 
